Purpose This review aimed to determine the prevalence, causes and risk factors of medicine-related problems (MRPs) in patients with liver cirrhosis. Methods Eight online databases were searched up to 30 September 2018 with no start date. Appropriate Critical Appraisal Skills Programme tools were used to assess the quality of included studies.
Introduction
Liver cirrhosis is a major chronic disease that is associated with high morbidity and mortality [1] . In the USA, the incidence of liver cirrhosis was around 0.27% corresponding to approximately 634,000 adults [2] . The Global Burden of Disease reported that more than one million people died worldwide due to liver cirrhosis in 2010 compared with 676,000 deaths in 1980 [3] . Patients affected by liver cirrhosis are at an increased risk of developing multiple complications and consequently have reduced life expectancy [4] . For instance, ascites is one of the most common complications of liver cirrhosis [5] and is responsible for 15% of deaths in patients with liver cirrhosis within 1 year of their diagnosis [6] . Similarly, a recent cohort study on hospital readmissions in patients diagnosed with liver cirrhosis suggests that about 13% of the admissions within 30 days were caused by complications of the disease [7] .
It is also important to highlight that the drug therapy in liver cirrhosis is complex due to the pathophysiological changes associated with the disease that alter the pharmacokinetics of drugs [8, 9] . For instance, the reduced albumin synthesis in liver cirrhosis [10] can increase the risk of potential drug toxicity of protein-bound drugs due to their increased plasma concentration. Similarly, the metabolic capacity is also compromised in liver cirrhosis due to the reduction of metabolising enzymes such as CYP450 in the liver and hence impairment in hepatic blood flow [11] . Thus, patients with liver cirrhosis are more sensitive to medicines and their side effects with evidence suggesting that around 30% of patients with liver cirrhosis exhibit adverse drug reactions (ADRs) and have a high risk of hospitalisation [12] . These findings indicate that patients with liver cirrhosis require close monitoring and dose adjustment to ensure rational use of medicines and to avoid the risk of ADRs and other medicine-related problems (MRPs).
A MRP is defined as Ban event or a circumstance involving drug therapy that actually or potentially interferes with the desired health outcome^ [13] . The other major categories of MRPs besides ADRs include adverse drug events (ADEs) and medication errors (MEs) [14] . In addition to making an appropriate selection of drug therapy, it is also important to understand other factors that might influence the rational use of medicines in a complex disease such as liver cirrhosis. Some of these factors include patient knowledge and understanding about the disease and its management [15] . To the authors' knowledge, no review to date has been conducted to determine the underlying causes and risk factors of MRPs in patients with liver cirrhosis. This review, therefore, aims to systematically investigate the prevalence, causes and risk factors of MRPs in cirrhotic patients and to explore factors influencing the medicine use from both patients and healthcare providers' perspectives.
Methods
As this review included both quantitative and qualitative studies which investigated medicine use and MRPs in patients with cirrhosis, the pragmatic approach was found to be the most appropriate philosophical paradigm that rationalises the analysis process and hence answers the objectives of this review [16] . The systematic review was conducted in accordance with the recommendation of Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) [17] .
Search strategy
Eight online databases (PubMed, EMBASE, CINAHL, Scopus, Web of Science, The British Library, PsycInfo and Google Scholar) were systematically and comprehensively searched from inception to September 2018. Search terms included medicine (drug/medication)-related problems, medicine (drug/medication) use, liver (hepatic) cirrhosis, chronic liver diseases, attitude, knowledge, adherence and non-adherence (Appendix 1). Additional relevant terms were also handpicked from the literature during the review. Boolean operators (OR, AND, NOT) were utilised to combine concepts and refine the width and depth of search to capture available evidence. Grey literature was searched using Open Grey and EBSCO. Furthermore, scooping in Google and a manual search of references cited in retrieved articles were performed by the reviewer (AA) to identify relevant studies. Reference lists of retrieved articles and relevant review articles were manually examined for further relevant studies.
List of definitions
An adverse drug event (ADE) is defined as Ban injury resulting from the use of a drug^ [18] . An adverse drug reaction (ADR) is Ban appreciably harmful or unpleasant reaction, resulting from an intervention related to the use of a medicinal product^ [18] . A cause of an MRP is defined as Bthe action (or lack of action) that leads up to the occurrence of a potential or real problem. There may be more than one cause for a problem^ [14] . Comorbidities are defined as chronic illnesses or diseases which require long-term treatment [19] and coexist alongside the main diagnosis. Medicine adherence is defined as the extent to which the patient's drug-taking behaviour (in terms of taking medication) coincides with the agreed recommendation [20] . A medication error (ME) is defined as Bfailure in the treatment process that leads to, or has the potential to lead to, harm to the patient^ [21] . An MRP is defined as an event or circumstance involving drug therapy that actually or potentially interferes with desired health outcomes [14, 22] . Polypharmacy is defined as the use of five or more medications [23] . A risk factor is an action (or lack of action) that facilitates the occurrence of an MRP [24] . The rational use of drugs comprises Bproviding patients with the right medications in correct doses that are appropriate for their individual indications, for an adequate period of time, and at the lowest cost^ [25] .
Study selection

Inclusion criteria
The review included both quantitative and qualitative studies published in English language and in peer-reviewed journals. Studies were eligible for inclusion if they included patients (≥ 18 years old) diagnosed with liver cirrhosis or chronic liver diseases and investigated the frequency and causes of MRPs in cirrhotic patients. Qualitative studies reporting beliefs, knowledge, attitudes and perception of patients/healthcare professionals towards liver cirrhosis and its treatment were also included.
Exclusion criteria
Studies were excluded if their main focus was liver diseases other than liver cirrhosis such as hepatitis, encephalopathy or hepatic carcinoma. Review articles, editorials and commentaries were not included in the review.
(EC). Items extracted from the studies included study title, author name, year of study, country, study design, sample size and results. Data analysis was conducted over two stages where two methods were applied to the findings of the review being textual narrative analysis (for quantitative data) and thematic analysis (for qualitative data).
The textual narrative approach encompassed recording the aim, characteristics, quality and outcomes (whether ADEs, ADRs, MEs or MRPs) for each study in order to draw conclusion from the findings. The reported prevalence of ADRs and MEs were grouped as two categories under MRPs. Due to the heterogeneity among the studies, it was not possible to report the means, and only prevalence per study was calculated. Furthermore, the medicines reported in the included studies were grouped into main medicine classes including analgesics (paracetamol, opioids and non-steroidal anti-inflammatory drugs (NSAIDs)), antimicrobials, diuretics, proton pump inhibitors (PPIs) and sedatives.
Data from the qualitative studies were synthesised using thematic synthesis technique reported by Thomas and Harden [26] . The synthesis was conducted in three phases: phase 1: line-by-line coding of the findings of the primary studies, phase 2: developing sub-themes through organising the codes and phase 3: generating themes. This approach was then repeated, and studies were reread to ensure transparent integration of all concepts related to our research question and objectives. The naming of themes and sub-themes was either as original studies or under different names, where it was conceptually appropriate. The emerged themes offered an interpretation to address our review's objectives and go beyond the content of the results of the primary studies [26] . Quotations from the articles were used to illustrate the identified themes (Table 3) .
Quality assessment
Critical Appraisal Skills Programme (CASP) tools were used to assess the quality of both quantitative and qualitative studies [34] . Since there is no CASP checklist available for crosssectional studies, the Quality of Observational Cohort and Cross-Sectional Studies quality assessment tool (Appendix 2) was used to assess the quality of the included crosssectional studies [35] .
The items assessed for the quality of qualitative studies included study aims, methods, validity and reliability of data collection and appropriateness of the study design. While for the quantitative studies, the assessment items included appropriateness of the study design, the risk of bias, statistical issues and data generalisability. The included studies were categorised based on a grading criteria that took into account the number of questions that were fulfilled based on the above-mentioned tools: that is, high quality (***) for a score of 7-10 points, medium quality (**) if scored 4-6 points and low quality (*) if scored 0-3 points. Although the low-quality studies were not excluded, their findings were interpreted with caution.
Results
Study selection
The initial search yielded 503 studies. A further seven studies were identified through manual searches of reference lists bringing the total to 510 studies (Fig. 1) . Three hundred sixty-one studies were left after removal of duplicates and application of inclusion/exclusion criteria. Of these, 102 studies were excluded after reviewing abstracts and titles. The remaining 47 studies were further assessed, and another 20 were excluded as they did not meet the inclusion/exclusion criteria. Twenty-seven studies were included in the review. Of these, 16 were quantitative and 11 were qualitative studies.
Quantitative studies
A total of 16 quantitative studies with 5636 participants were included in the review [15, 27-30, 32, 33, 36-43] . Of these 16 studies, three were conducted in Australia [36] [37] [38] and the USA [15, 39, 40] , two each in Chile [41, 42] and Indonesia [33, 43] , and one each from Switzerland [27] , India [28] , UK [30] , Pakistan [29] and Netherlands [32] . All included studies used an observational study design ( Table 1 ).
Prevalence of MRPs
Nine studies reported the incidence of the MRPs [12, 27, 29, 32, 33, 38, [41] [42] [43] . Seven of the nine studies reported the incidence using total patients as a denominator. The mean prevalence of MRPs reported in these studies ranged from 4.21 to 38.4%. The remaining two studies used the total number of prescriptions as a denominator with the mean prevalence ranging from 8.33 to 22%. Owing to the heterogeneity between the methods of measuring MRPs, it was not possible to calculate the mean prevalence across all nine studies. Moreover, definitions of MRPs varied among the included studies which made it difficult to conduct meta-analysis.
The most common category of MRPs reported in the studies was ADRs. It was reported in six out of the nine included studies, while the ME was the other common category of MRP reported in three retrospective studies. No study reported data on ADEs.
Causes and risk factors of MRPs
Causes in the evaluated studies were actions that directly triggered the occurrence of an MRP. Seven studies reported the causes of MRPs [12, 27, 29, 32, 33, 38, 41] . The reported causes of MRPs included drug-drug interactions [12, 27, 29, 33] , inappropriate dosing [12, 29, 32, 41] , contraindications [32, 38] and inappropriate choice of drug therapy [29] . In addition, risk factors contributed to MRPs' incidence without having a direct causal relationship with MRPs. Polypharmacy was the most commonly reported risk factor for liver cirrhosis [27, 41, 42] where MRPs were more prevalent in patients taking a median of seven to nine medicines. This was followed by associated comorbidities such as ascites, portal hypertension and prior hepatic encephalopathy [27, 42] . Moreover, the severity of the disease [12, 42] and the longer duration of hospital stay (more than 12 days) [41, 42] further contributed to MRPs. Other reported risk factors included old age (range 39-62 years) [27] and impaired renal function (renal dysfunction considered when blood urea nitrogen was above 25 mg/100 ml and/or creatinine clearance was below 80 ml/min) [27] .
Medicine classes
Nine studies reported data on medicine classes suspected to be associated with DRPs [12, 27, 29, 32, 33, 38, [41] [42] [43] . Diuretics including furosemide and spironolactone were the most commonly reported medicines attributed to MRPs [12, 25, [36] [37] [38] 40] , followed by sedatives including benzodiazepines [12, 32, 38, 41, 42] , analgesics including paracetamol and NSAIDs [12, 27, 32, 38] and antimicrobials including pencillins [38, 42, 43] , proton pump inhibitors [12, 32, 38] and potassium salts [41, 42] . Other less frequently reported medicine classes included calcium channel blockers [43] , statins [32] and iron [32] .
Qualitative studies A total of 11 qualitative studies explored potential factors influencing the medicine use in cirrhotic patients [31, [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] . Table 2 illustrates the characteristics of the qualitative studies, of which three were conducted in Iran [44] [45] [46] and the USA [31, 47, 48] , two in Denmark [49, 50] and UK [51, 52] followed by one in Netherlands [53] . All the included studies were published between 2013 and 2015 and represented the view of 601 participants, of which 472 were patients with liver cirrhosis and 129 were healthcare professionals including specialist doctors and hepatology nurses. Thematic synthesis of the qualitative data identified three key themes related to medicine use in liver cirrhosis: (1) patient-related factors, (2) healthcarerelated factors and (3) stigma (Table 3) . Chile To establish the frequency and determinants of adverse drug reactions in patients with cirrhosis and other parenchymatous liver diseases using adverse drug reaction probability scale and composite clinical and laboratory index for assessing severity of liver disease 
Patient-related factors
The patient-related factors included lack of knowledge, financial pressure, lack of motivation, patients' beliefs and treatment issues.
Patients reported lack of knowledge about the nature of the disease, causes and complications [47, 49, 51] . Some patients held their doctors responsible for their poor knowledge about the disease [45, 52] . Patients indicated the need for more information about their medications and their possible side effects [46, 53] . Furthermore, some patients also reported lack of awareness about the risk factors associated with liver cirrhosis such as alcohol and drug abuse. However, some of these patients admitted that although they were aware of the risk factors, they still maintained an unhealthy lifestyle [47] .
Lack of patients' motivation towards their disease management including treatment was reported in two studies [44, 48] . The chronic nature of the disease and associated hospitalisation could have contributed to patients' despair and hopelessness with regard to the outlook of their illness. Furthermore, patients' beliefs about liver cirrhosis might also had changed their perception about the disease and its cure. Some patients believed that the disease is from (a will from) God [45] and the treatment will not help them as the only cure comes from God particularly during the advanced stages of the disease [45, 46] . However, for some, their faith and belief in God was a source of support that encouraged them to deal with the disease and adhere to their treatment [46] . 
Healthcare-related factors
The healthcare-related factors identified in the studies included barriers to accessing healthcare, communication between patients and healthcare providers (HCPs) and challenges faced by HCPs. Lack of accessibility to healthcare was reported in four studies [31, 45, 47, 52] . From HCP perspectives, barriers to healthcare access involved factors related to patients, such as low motivation for treatment and low adherence. Financial constraints by patients were also one of the barriers reported by HCPs [31] . Patients discussed the high cost of medical services and problems with insurance companies with their HCPs [47] . Furthermore, fears of experiencing side effects, lack of awareness about the availability of support services [31] together with the long gaps between their appointments were some of the other barriers to healthcare access [31, 47, 52] .
Importance of effective communication between patients and HCPs was highlighted in four studies [31, 46, 49, 52] . It was reported to have a positive impact on treatment as it improves patient's adherence and their understanding of the condition and helps to forge a relationship based on trust between patients and HCPs [31, 46] . Some patients, however, reported lack of effective communication with HCPs due to a shorter consultation time and the use of medical jargons by HCPs [52] . Furthermore, poor communication and collaboration between HCPs and patients had resulted in discontinuity of patient care in some instances [49] . [28] .
Lack of motivation (despair)
BDeath is approaching me. I should try to be alive and not seek treatment. The disease eats my body. Patients think they have a short time for survival and it becomes shorter every moment^ [27] .
Beliefs
BThe disease is caused by the will of God and as a test and there is no reason to be upset and cry^ [27] .
Treatment issues (factors related to the medication adherence)
BAt 10 o'clock, I have two tablet of spironolactone and 3 other drugs whose names I do not know, on the whole, I have six drugs in the morning, six in the evening, and four at night. I take many drugs. I cannot manage them on time. I go out sometime or I forgot them completely. Or I cannot buy the drugs or I cannot find them. Thus, I either do not use them or have few of them^ [29] . Healthcare-related factors Accessibility (or barriers to care)
BThe challenge from the patient, which applies every where-urban, rural, tertiary, or primary-is that many patients are reluctant to participate full in therapy or to make life style changes which would facilitate the therapy. Particularly giving up alcohol but also just coming in for appointments and taking their medicines, which do not make feel good. So I think patient compliance or patient adherence or patient participation, whatever you want to call it, is a big barrier^ [30] .
Communication
BWhat they are saying is, Bright, your potassium level's at such and such, your sodium level's at such and such,^what else, Byour blood count was this, your blood pressure was that.^(…) And they do not actually tell me what it means. It is good? Is it bad? Is this happy medium? I do not know^ [31] .
Challenges of HCPs
BWell, without the training background, we just keep an eye on their liver function and make sure that they are getting their annual ultrasound screen, but other than that you know we usually rely on Hepatology^ [30] . Stigma Misconception BMany medical personnel (Doctors, nurses, nutritionists) are uninformed about liver disease that is non-alcoholic related and assume it is. I feel pain involved is undertreated and not believed by medical personnel due to thinking I already have a substance abuse problem. Why do not they just automatically test us for drugs/ ETOH then we can move on to my care and concerns. Not the concerns of ETOH^ [32] .
Discrimination (avoidance)
BPeople know little. I do not like anybody to know about my disease. I've seen lots of discrimination for it^ [32] .
Consequences
BOne of the fears of my life is disclosure of my disease. Always they think that addicts or criminals suffer from this^ [33] .
Challenges faced by HCPs were reported in three studies [31, 50, 52] . Unclear responsibilities were one of the challenges reported by HCPs in particular by primary care physicians (PCPs). PCPs, in general, reported their awareness about their roles in managing cirrhotic patients that included patient monitoring (symptoms and lab tests) and education [31] . However, some of them were reluctant to take decisions on the management or to contradict the specialists' opinions [31, 52] . Reliance on specialist recommendation was common among PCPs [52] . Other challenges reported in the studies included the need for further training by hepatology nurses particularly on ADR recognition and management of oral health of patients with liver cirrhosis [50] .
Stigma related to cirrhosis
The concept of stigma included negative attitudes (misconception and discrimination) and negative consequences.
Misconceptions about the disease were reported in four studies [44, 47, 48, 52] . Some patients linked the condition to substance abuse [44, 47] while others perceived the disease to be contagious [44, 48] . These misconceptions were commonly reported to have developed from within the social community [47, 48, 52] . Cirrhosis was perceived to be a selfcaused condition due to the adoption of an unhealthy lifestyle [47, 48] . Furthermore, patients with cirrhosis also reported discriminations from both HCPs and general public. Some patients reported to have a limited social circle as some members of the public avoided interacting with them due to the risk of getting infectious [44, 48] . Some patients also preferred to deny the treatment and medical appointments offered by HCPs to avoid the risk of receiving negative judgement and discrimination from HCPs and close community [47] .
The negative impact and consequences of the disease were reported in four studies [44, 47, 48, 52] . These included the psychological effects of the disease on patients including depression, low self-esteem and reduced quality of life [44, 48] .
Discussion
To the authors' knowledge, this is the first systematic review that brings together evidence from both quantitative and qualitative studies to gain an insight into MRPs in patients with liver cirrhosis. The findings of this review suggest that management of liver cirrhosis should not only be limited to the provision of safe and effective drug therapy but should also expand to improving the understanding of patients about the disease.
MRPs with a mean prevalence of 14-23.4% were reported to constitute a significant health problem in patients with cirrhosis. The mean prevalence reported in this review was higher compared with 8.3% reported in a previous review that involved 15 studies [54] . The higher prevalence of MRPs reported in the current review could be attributed to the pharmacodynamic and pharmacokinetic changes associated with liver cirrhosis that consequently increases the incidence of MRPs [55] compared with other chronic conditions. Drugdrug interactions and inappropriate dosing were identified as the two major causes of MRPs in the review. Other less frequently reported causes included contraindicated drugs, unsuitable selection and erratic discontinuation of medicines. Similar findings have also been reported in a previous review involving hospitalised patients, which reported that around 17% of all documented MRPs were due to drug-drug interactions [56] . The use of lowest effective dose and dose adjustment according to renal and liver function are among some of the strategies that can prevent the incidence of dose-dependent MRPs [56] .
Polypharmacy followed by associated comorbidities, severity of liver cirrhosis and length of hospital stay were among the most commonly reported risk factors for MRPS in this review. These findings are consistent with the findings of a cross-sectional study, which concluded that the number of prescribed drugs is a predictor of MRPs [57] . Polypharmacy is a known risk factor for both ADRs and MEs in many chronic diseases such as liver cirrhosis as they are often associated with comorbidities [58] . A study involving 827 patients conducted in hospital settings suggested that the number MRPs reported for each patient is linearly associated with the number of medications used at hospital admission [59] . The study further reported that a one unit increase in the number of medicines prescribed was associated with an increase in the number of MRPs by 8.6%.
Diuretics and sedatives were among the major medicine classes that were suspected to be associated with MRPs in patients with liver cirrhosis. A previous study that investigated the prescribing patterns and drug use in patients with liver cirrhosis highlighted that diuretics are one of the frequently prescribed medications in managing the complications of liver cirrhosis such as ascites [60] . The study also reported a significant association between diuretics chiefly furosemide and ADRs reported in the study population suggesting the need of careful monitoring of these drugs. Similarly, a review of 21 studies also implicated diuretics along with anti-inflammatory drugs in MRP-related hospital admissions [61] . Analgesics including paracetamol and NSAIDs were the other major medicine classes associated with MRPs. Paracetamol is generally considered to be safe in patients with liver cirrhosis but at a reduced dosage of 3 g/day [62] . In contrast, NSAIDs should be avoided in cirrhotic patients particularly during advanced stages due to the established risk of renal impairment and gastrointestinal bleeding [62, 63] . Furthermore, NSAIDs are metabolised by CYP enzymes that have reduced activity in cirrhosis and consequently raises NSAID plasma levels and increases the risk of adverse events [62] .
Patients widely reported poor knowledge and understanding about the disease and its risk factors, associated complications and treatment. This lack of awareness has also been reported previously in an American study which suggested that patients with liver disease have limited knowledge about the safety of acetaminophen for pain management that can put them at risk of undermedication or overdose [64] . Another American study that involved liver transplant patients suggested that patients with a better understanding of their treatment and medication regimen were more likely to adhere to their treatment and can avoid the risk of hospitalisation [65] . Healthcare professional-led educational interventions including booklets, leaflets and videos have been associated with significant (< 0.001) improvement in patients' knowledge and adherence to treatment in liver cirrhosis [30] .
The review identified some of the challenges faced by healthcare professionals in managing cirrhotic patients that could negatively impact the control of the disease. Primary care physicians commonly raised uncertainty about roles and responsibilities as some of them believed that management of cirrhosis was a specialists' responsibility [31] . Primary care physicians reported the need for further training to gain skills and confidence to enable them to manage cirrhotic patients particularly during advanced stages. An Italian study suggested that provision of training programs to primary care physicians allowed them to make early referrals to specialists that consequently improved the outcomes of patients with hepatocellular carcinoma [66, 67] . The increased prevalence of cirrhosis necessitates the involvement of primary care physicians in managing liver cirrhosis. Efforts should be directed towards the provision of training and support with the aim of improving physicians' knowledge and expertise about the optimal management of the disease.
This review has some limitations. The review did not include studies published in languages other than English that could have led to exclusion of valuable and relevant data. The review explored medicine use from patients' and healthcare professionals' perspectives only. The inclusion of family and caregivers in the review would have provided a more broad and extensive insight on the medicine use. Owing to the heterogeneity in the included studies, meta-analysis could not be conducted.
Conclusion
The findings of this review support the need of provision of safe and effective drug therapy together with patient-centred education to improve the medicine use in patients with liver cirrhosis. Furthermore, emotional and social support should also be provided to patients to improve their psychological well-being and outlook about the disease.
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